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Fig. 1 Experimental small greenhouses (a) and Imhoff
tube collection of particle-associated bacteria (b)
A, B and C represent the sampling points for
each small greenhouse.
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VU (DOYFIT pH X4l FH e Ao 485 50K I o3
P (HQ40d) LI E . B A (TAN), WAHAR #:
(NO3-N) . £ (NO3-N) R ] VA PG PR (POL-P)
P PRI BLTE (GB 17378.4-2007)/fifi FH 436
JE U R B TR A (TSS) Ml FH AR EL ik AT
SN BB (TAYE I IE R B 17 £:(Q/GDCTB
04-2019) & .
1.3 BZEBRIERMSEZENF 5

FIr A BEZS [ 5 DNA # E.Z.N.A." soil DNA kit
(Omega Bio-tek, Norcross, GA, U.S.)UiH45 1742
B, BB A e e H DKk A I DNA 25 AV B SR
FH51%) 338F (5'-ACTCCTACGGGAGGCAGCA-3")
F1 806R (5-GGACTACHVGGGTWTCTAAT-3")%}
AN 16S rRNA V3-V4 X 4T PCR &1 . SRS TE
IR B AR ) BB A RS R Y Tlumina
HiSeq “F {5 (PE250, Illumina, San Diego, CA, USA)
XF e DNA F BL A7 B (paired-end)ill 15 o BT A
I 4045 T 7E NCBI sequence read archive database
H LB S5 PRINA1107122 (http://www.ncbi.nlm.
nih.gov/bioproject/PRINA1107122/) 3k 5 . #] H
QIIME2 #:57 Bray-Curtis #1725 BB Al o ZFEMESE
. FH principal coordinates analysis (PCoA)K J
WA A [A] B V% 19 22 7 o {i 1] linear discriminant
analysis effect size (LEfSe) 3-8/ 41 2 [a] Fa fdt ¥ 22
SR, ENAPIRR S . PICRUSE B0 T A2 i
MetaCyc IS, K 0 AR i v 40 1 7Y 2
fige EAREIE /BT e IR ARve 2 E R e dn A PR
N R SRR 53 T (https://www.genescloud.cn)
1.4 R} EEZ PCR MEINGEEEKF

K qPCR B ARG 7 0k v 22 S8 A 20 o
(ammonia-oxidizing bacteria, AOB) amoA L[
i B2 4 4k 40 T (nitrite-oxidizing  bacteria,
NOB) nxrB B, —IL 3 DA, B
wWHE 3 NMEK . I amod-1F2R (5'-
GGGGTTTCTACTGGTGGT-3'/5'-CCCCTCKGSA
AAGCCTTCTTC-3)E} AOB amod F:H 5]
Y9, NOB nxrB %[N B 51 ¥ 4 nxrB-F/IR (5'-
GAGGAGCGGCATCCGAAGT-3'/5'-GGCABCGR
TTCTGGTCG-3"). i FEAS qPCR i Chen

PO
1.5 Sitath

B BG4 IBM SPSS - Statistics
26 for Windows (IBM Corporation, Armonk, NY,
USA). KL 2 J5 225341 (one-way ANOVA)E:
9 B BB K BT Y 25 5, TR 22 0 BT B AT O
LTRSS . AR REMER, W Tukey’s
homogeneity £ 5 A iff i 25 W Be [ 9 25 5, P<0.05
NS E VR Wi Kruskal-Wallis &A1 5
F1 Dunn =5 H050, 6504 B 2R M AT E B
231 BE T, P<0.05 N2 5 WA,

2 HRESH

2.1 AEFEXER/NVK R E L R

AN 7= a8 18 /NI 37 5 e 19 04 K R an gk 1
PR o 7= R = /N Y TAN 6 BE 354K F 1 mg/L,
T 2 5(P>0.05) iK™ /MIlAY NOL-N Mk K
(18.24+1.51) mg/L, & & T&/7/Mi(P<0.001),
E/NMIE pH. TA Hl DO 8 1K T (P<0.05)

x1 AREFEMENBKRIBRUESER
Tab.1 Measurement results of water quality indexes in
shrimp small greenhouses with different yields

n=3; x+SD
KR =y A= /N
water qualit high-yield small  low-yield small P
q y greenhouse greenhouse

pH 7.89+0.03° 8.02+0.02° 0.02
TA 313.00+29.00° 443.00+40.00° 0.011
DO (mg/L) 4.88+0.06" 5.43+0.21* 0.012
SSV (mL/L) 11.00+1.00° 2.00+0.30° <0.001
TSS (g/L) 4.28+0.23° 2.20+0.13° <0.001
TAN (mg/L) 0.03+0.03* 0.40+0.24° 0.112
NO3-N (mg/L) 0.27+0.07° 18.24+1.51° <0.001
NO3-N (mg/L) 27.27£3.61° 17.79+1.34° 0.012
PO; -P (mg/L) 1.43+0.27° 0.82+0.13° 0.023

7: DO, #fif%; TAN, BEA; NOx-N, WAYEE:; NOs-N, Tk
#h: POI-P, ALIETEVE VERE; TA, SBREE; SSV, BiF AR,
TSS, R E K. WSS AR AN R = B FRR A ) 22 7 1o 2
(P<0.05).

Note: DO, dissolved oxygen; TAN, total ammonia nitrogen; NO,-N,
nitrite; NO3-N, nitrate; PO3 -P, soluble reactive phosphorus; TA,
total alkalinity; SSV, suspended solids volume; TSS, total
suspended solids. Data in the same column labeled with different
letters indicate significant differences between groups (P<0.05).
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Pl 2 R[] a7 B K VR 40 T 1) 2 R AN 25 4
a. a ZFEHEAREUIHT; b, Venn [; c. FET Bray-Curtis /Y PCoA 4047, HN: 7= /IMIEENS 3 [ F 2 76 40 5
HP: 5 /NISURE AR S AR B s LN I /IR T 3l A b A2 T 0B85 LP: AR /MITBURL AR SC 20 5

* o R[] 22 57 3 (P<0.05), **F /R 41 A] 22 54 1 3 (P<0.01), *** 3R 41 8] 22 S b H: 8 25 (P<0.001).

Fig. 2 Diversity and structure of bacteria in aquaculture waters of small greenhouses with different yields
a. a-diversity index analysis; b. Venn diagram; c. Bray-Curtis-based PCoA analysis. HN: high-yield small greenhouses non-motile

free-living bacteria; HP: high-yield small greenhouses particle-associated bacteria; LN: low-yield small greenhouses non-motile free-
living bacteria; LP: low-yield small greenhouses particle-associated bacteria. * indicates significant difference (P<0.05) between
groups; ** indicates highly significant difference (P<0.01) between groups, *** indicates extremely significant difference (<0.001).
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FE T LN 44(P<0.001), PAB (HP Z1f1 LP 41)H)
Shannon $5%4% i 255 T NFB (HN 24151 LN 41)(P<0.05).
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£ (P<0.05), PAB (HP ZHA1 LP 4 it 1)
(Desulfobacterota) Fil Zf 5. fifl 1% ] (Gemmatimona-
dota) Y AHXT 42 B2 34 8 2% & T NFB (HN ZHA1 LN
4 )(P<0.05), HP 4 F&AT R | ](Acidobacteriota)
(AR O = B 2 v T LA 2 (P<0.05)

4 HPLHA TR FFE>10%) 4 18] 3b R o
HN ZH %) M 21 40 1 £ (Rhodobacteraceae)(43.2%)
HP AR TR Flavobacteriaceae)(15.9%)
ML ERH(15.8%). LN ZH LS B 20 40
BH40.8%)F1 PeM15 (23.8%), LP ZH L H R N
CLAN P RH(17.4%) FEFF B FH(15.3%) o 2140 R BHE
4 AP AR 3R . PAB (HP 4180 LP 41)H
PP R ARAE X 3 B2 1225 T NFB (HN 2071 LN 4).
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Fig.3 Composition of bacterial communities in aquaculture waters of small greenhouses with different yields
a. Composition and abundance of the first 15 phyla; b. Composition and abundance of the first 15 families.
HN: high-yield small greenhouses non-motile free-living bacteria; HP: high-yield small greenhouses particle-associated bacteria;
LN: low-yield small greenhouses non-motile free- living bacteria; LP: low-yield small greenhouses particle-associated bacteria.
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FE T HP 4R HN 4H(P<0.05), LP ZH &S/ R/
W] b fitg 38 % =F B B 25 5 T HP 4H(P<0.05)(I¥ 5).
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Fig. 4 Biomarkers of bacterial communities in aquaculture waters with different yields of small greenhouses

a. Taxonomic branching diagram of LEfSe analysis; b. LDA histogram of LEfSe analysis (LDA=4.5).
HN: high-yield small greenhouses non-motile free-living bacteria; HP: high-yield small greenhouses particle-associated bacteria;
LN: low-yield small greenhouses non-motile free- living bacteria; LP: low-yield small greenhouses particle-associated bacteria.
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Fig. 5 Differential analysis in predicted MetaCyc functions of bacterial communities in
aquaculture waters with different yields of small greenhouses
a. Biosynthesis; b. Degradation/Utilization/Assimilation; c. Detoxification; d. Generation of precursor metabolite and energy; e.
Glycan pathways; f. Macromolecule modification; g. Metabolic clusters. * indicates significant difference (P<0.05) between groups;
** indicates highly significant difference (P<0.01) between groups; *** indicates extremely difference (P<0.001); HN: high-yield
small greenhouses non-motile free-living bacteria; HP: high-yield small greenhouses particle-associated bacteria; LN: low-yield small
greenhouses non-motile free- living bacteria; LP: low-yield small greenhouses particle-associated bacteria.
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Differences in water quality, bacterial structure and function of
particle-associated bacteria and surrounding bacteria in small
greenhouse farms of Litopenaeus vannamei under different yield levels
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Abstract: In recent years, the number of small greenhouse farms in China has expanded rapidly. Within the
aquaculture process of these small greenhouses, microorganisms play a key role in decomposing residual bait and
feces in the water column. However, the lack of nutrient-degrading microbial taxa in the water column, combined
with excessive baiting by farmers, often leads to the accumulation of inorganic nitrogen. This accumulation
negatively affects the yield and economic benefits of cultured species. The present study was conducted to
investigate the differences in water quality, as well as the structure and function of particle-associated bacteria
(PAB) and non-mobile free-living bacteria (NFB) in small greenhouse farms. This investigation focuses on the
turbidity of the water column caused by the increasing concentration of suspended particles during the aquaculture
process, in order to reveal the factors influencing the culture yield. Differences in the structure and potential
function of the two bacteria were analyzed by high-throughput sequencing of 16S rRNA. Additionally, real-time
fluorescence quantitative PCR was used to detect the abundances of ammonia-oxidizing bacteria amod and
nitrite-oxidizing bacteria nxrB, both of which are associated with nitrogen transformation in suspended particles.
The results of this study showed that the concentration of suspended particles was significantly higher in
high-yield small greenhouses compared to low-yield small greenhouses (P<0.001). Additionally, the concentration
of suspended particles in the water column was closely related to shrimp production. The Chaol and Shannon
indices of PAB were found to be higher than those of NFB in the aquaculture water column of small greenhouses,
indicating greater diversity and abundance of PAB. Notably, Flavobacteriaceae were significantly enriched in PAB,
indicating that they were the dominant functional microorganisms in PAB. The abundance of biosynthesis,
material, and energy metabolism functional pathways in PAB was significantly higher than that in NFB (P<0.05).
Among these ways, nitrification-denitrification was notably upregulated in PAB, indicating that PAB is more
capable of material synthesis and nutrient metabolism. Real-time fluorescence quantitative PCR results revealed
that the abundances of major functional genes of ammonia-oxidizing bacteria and nitrite-oxidizing bacteria were
higher in the PAB of high-yield small greenhouses than in those of low-yield small greenhouses, indicating that
nitrifying bacteria were more mature in the PAB of high-yield small greenhouses. This study demonstrated that
PAB play an essential role in the removal of nitrogenous pollutants from aquaculture water in small greenhouse
farms, which further affects shrimp production by regulating water quality. The results of this study provide an
important theoretical basis for water quality control and efficient shrimp culture in small greenhouse farms.
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